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Abstract: [Objective] Effects of a compound microecological bioagent on the weight-gain, gastrointestinal villi and micro-
flora in pigs at end of growth period were studied. [Methods] Three-hundred 60-day-old, weighing 25 kg, fattening pigs
were randomly divided into control and treatment groups with 15 replicates of 10 pigs in each group. The treatment pigs were
fed the forage diet supplemented with a microecological agent, while control with aseptic water. Daily feed-intake and weight-
gain of the individual pigs were recorded for 90 d. Ratio of feed consumption/weight-gain was measured on the 15”', 30”‘, GOth,
and 90" day during the feeding period. At end of the experiment, gastric and colon mucus of 18 randomly selected pigs from
each group were collected for the [llumina MiSeq analysis on 16S rRNA gene and the HE-staining on gastrointestinal villi for a

microscopic examination. [Results] The average daily weight-gain of the treatment pigs significantly increased over control
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(i.e., 35.53 g increase at P<<0.05) with 10 percent reduction on feed-consumption/weight-gain ratio at P<<0.05. The 16S rRNA

sequencing showed a significantly higher abundance of Lactobacillus in the gastrointestinal tracts of treatment pigs (averaging

67.81%) than that of control (averaging 13.54%) at P<<0.05, but that of Clostridium difficile (i.e., 4.51%) significantly lower

than that of control (i.e., 5.55%) at P<<0.05. In the colon mucus, the genus abundance of Lactobacillus in treatment pigs (i.c.,

6.51%) was significantly higher than that in control pigs (i.e., 3.17%) at P<<0.05, but C. difficile (i.e., 2.32%) significantly

lower than that of control (i.e., 3.73%) at P<<0.05. The supplementation of the compound microbial agent also significantly

increased the length and density of gastrointestinal villi in the treatment pigs (P<<0.05). [ Conclusion] The compound

microecological bioagent significantly improved the weight-gain and increased the flora of beneficial bacteria as well as the

gastrointestinal villi in the guts on pigs at fattening stage prior to slaughtering.
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Table 1 Basic diet and nutritional composition of forage

2H i Composition & Contain

E2K Corn/% 65
32 2 Wheat bran/% 3
ZH1 Soybean meal/% 28
TiREF Premix/% (T35 HAD 4
ST Total/% 100
1L BE Digestive energy (DE) / (MI'kg ") 13.87
H A Crude protein (CP) /% 19.5
Wi R Lysine (Lys) /% 1.1
5 Calcium (Ca) /% 0.9
%% Available phosphorus (AP) /% 0.45

e TURRHHM: FH40%, BERREFS30%, MERE50.25%, LA
0.75%, —/KBRERIEEk1.85%, — KBRFREEL.5%, TUKBRIR2.2%, —K
TRIR450.85%, 4EAFA0.05%, 4EAFEBL (98%) 0.004%, 4EEFE
B2 (96%) 0.02%, 4EEEB6 (98%) 0.012%, 4EAEEBI2 (1%)
0.005%, 4E4EFED3 0.09%, 4EAEFKE (50%) 0.1%, SALMEGE (50%)
3.5%, EME (2%) 0.013%, MR (99%) 0.076%, W (97%)
0.002%, 2 (98%) 0.051%, 4EAFHK3 (25%) 0.1%, &#6.0%, &
AR (99%) 1.0%, HEM (98%) 5.0%, PrEi0.1%, #Hik (A
) 6.558%.

Note: The composition of premix is 40% stone powder, 30% calcium
hydrogen phosphate, 0.25% calcium iodate, 0.75% sodium selenite, 1.85%
ferrous sulfate monohydrate, 1.5% zinc sulfate monohydrate, 2.2% copper
sulfate pentahydrate, 0.85% manganese sulfate monohydrate, 0.05% vitamin
A, 0.004% vitamin B1 (98%), 0.02% vitamin B2 (96%), 0.012% vitamin B6

(98%), Vitamin B12 (1%) 0.005%, vitamin D3 0.09%, vitamin E (50%) 0.1%,

choline chloride (50%) 3.5%, biotin (2%) 0.013%, niacin (99%) 0.076%, folic
acid (97%) 0.002%, pantoic acid (98%) 0.051%, vitamin K3 (25%) 0.1%, salt
6.0%, methionine (99%) 1.0%, lysine (98%) 5.0%, antioxidant 0.1%, carrier
(zeolite powder) 6.558%.
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Table 2 Effect of compound microbial agent addition in forage on weight-gain of pigs at fattening stage
P25 1 1 LA

S H S e S Ay i E e 4 N

intake (ADFD) / (kg-3k ™) gain/ (kg3k ™) g/ (kgD gain & control
|4 T 2l Treatment 1.60+£0.28 a 9.5+0.48 a 0.63+0.15a 2.53a -8.38%

B S HE2H Control 1.60+0.39 a 8.72+129b 0.5240.14b 273b
£Hi4H Treatment 1.86+0.98 a 10.01+2.84 2 0.67+0.17a 2762 -2.81%

w4 S HE2H Control 1.88+0.40 a 9.92+148b 0.61+0.10b 2.84b
AT Treatment 24340522 25.86+1.24a 0.86+0.152 282a ~11.74%

004 S HE2H Control 1.9740.19b 25.08+1.29b 0.84+0.34b 3.15b
£Hi 4 Treatment 335+0.76a 28.65+1.24a 0.95+0.152 352a ~2.63%

0 %4 Control 336+0.55a 27.78+1.29b 0.93+0.34b 3.63b

i AFRNG FRERRF— I R R A 2 52 7 53 (P<0.05), HMRTREERERALEE (P>0.05) .

Note: Different letters in the same row means significant difference between treatments (P<<0.05) .
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e BERAREA B BIER TN *RREREZE (P<0.05), *RRERKEE P<0.0D).
Note:
difference (P<<0.01).
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Changes on structure and villi in gastrointestinal tracts
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Fig. 2 Microbiota composition of gastric mucus with respect to genus
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The arrow is marked as the gastrointestinal villi structure; * indicates significant difference (P<<0.05), ** indicates extremenly significant
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Fig. 3 Microbiota composition of colon with respect to genus

X & 2H Control

& 3

HE WG R B B LR AR, R K et B
K. NEF S a, ERELR R R, B
AT RDRHE 8 BRI 2 A . T A9 E K T 5
K FR Y T A T BE G W S ) T A A K
76 B BER PRI, 3 — B AR T R R e
(T AL WA, DT o A 7 A Rl A T e
33 RS AMEYEN B RIS NE YR

B RS T 3 T 2 R i T SR TR A A i
BB, T T GE R R 2 T A T AR
i o TR i 306 o2 0 T R W 2 B 1 2 Wl
BB R HOR L SRR SRR S R AR
W AN 2 A R R, B RS I i
FLR B B R T LR B A AT AR L
BT, RS BESEE R B W, 7
B 2 A 2 AT 2 T 5 TR I AT 8 i A
HEBE, MEE TR, K M I N BT
TV B B, AP R s 3 T ) g
P A, TR O P A TR R, VS Rl B3
s PG, MU L 2 FLRR T 1 T R 2
W B N A P R E N

BN, AHFFEALIESE, VRN A 2 AR BT s b
SR MM T S A R T BB L A R T 1 e
AR R, YA ThAE, RS ERY
B BT AL, DA T B A M B . AN IR SR s 4T
PPN A A R AR AT BN . 45
fr . M ELER AT T . ORUBLRT B R L A 3
AP RN A2 45 35 25 T 3R W0 R T O 5 1 W
FEIIX 2R 45 A R — 3

4 B

EAAWR M E LS B . 4 R B B
WABKEE, 80 E M FLRR R E i 5, TR
ol LARERR B 0 2 1A T R IS 50, 4R il

B AR Lactobacilhus

W %75 [ICE NK Prevotellaceae NK3B31 _group
L ICH9 Prevotella_9
XRHMERR 11 )8 Clostridium_sensu_stricto_1
XIS & Mycoplasma

lﬁ W EFE IR & Alloprevotella

JREINE & Anaerovibrio
W 25 B & Phaseolus_acutifolius
B % HiAT 8 Phascolarctobacterium
B LH#FFJE Terrisporobacter
W St Other
#4332 Unclassified

LR INRE, DRUEG R, fEUE A PR RERY S TT
A SRR IR A 7 ST

EEPEE

L] kI, SEsese, (ARR, 4. Huds RODRHAINATE B B0l A = i
FEAS A (006 55 Jexh s (0], BRii ARl 2, 2012, 58 (3D« 127-128,
139.

ZHANG Z S, DOU B T, BAI Y L, et al. Harm and countermeasures of
excessive use of antibiotic feed additives in animal husbandry
production [J]. Shaanxi Journal of Agricultural Sciences, 2012,
58 (3) :127-128,139. (in Chinese)

FRee B, oM, A, BUE BRAE & R I I I Bkl A % (7.
HRE B AR, 2004, 31 (2): 13-15.

CHENG X H, PENG J, ZHAN Z C. The challenge and outlet of
antibiotic in animal production [J]. China Animal Husbandry &
Veterinary Medicine, 2004, 31 (2) :13-15. (in Chinese)

FARE. WAE R AR A T HUAE R BORTE R W A rh i L
AIBFFE[D]. #rige: PUALARMBLE K, 2008.

WANG C Y. The application of microbial fermented feed replacing

[2]

(3]

for AGP in the commercial pigs production[D]. Yangling: Northwest

A & F University, 2008. (in Chinese)
[4] CHENG G Y, HAO H H, XIE S Y, et al. Antibiotic alternatives: the
substitution of antibiotics in animal husbandry [J]. Frontiers in
Microbiology, 2014, 5: 217.
[5] AARESTRUP F M. Association between the consumption of
antimicrobial agents in animal husbandry and the occurrence of
resistant bacteria among food animals [J]. International Journal of
Antimicrobial Agents, 1999, 12 (4) :279-285.
ZHAO K N, XU R, ZHANG Y, et al. Development of a novel
compound microbial agent for degradation of kitchen waste [J].
Brazilian Journal of Microbiology, 2017, 48 (3) : 442-450.
ALY, AR SR TR AR I R KR AL 5 R R (1] etk
SR (A RBLEERR), 2004, 5 (3): 270-272.
JIN L M, SHENG B Q. The study and applied progress of microbial
addictives in forage [J]. Journal of Beihua University(Natural Science
Edition), 2004, 5 (3) :270-272. (in Chinese)
G R w3 S R A e s/ Ry | P =B 1= B A R A NS
&) [7]. 3%, 1996 (3): 7-11.
ZHANG X R, DU G Y, ZHANG W. Application of feed microbial
additives in pig industry (Review) [J]. Swine Production, 1996 (3) :
7-11. (in Chinese)

L6]

(7]

(8]


https://doi.org/10.3969/j.issn.0488-5368.2012.03.049
https://doi.org/10.3969/j.issn.0488-5368.2012.03.049
https://doi.org/10.3969/j.issn.1671-7236.2004.02.005
https://doi.org/10.3969/j.issn.1671-7236.2004.02.005
https://doi.org/10.3969/j.issn.1671-7236.2004.02.005
https://doi.org/10.1016/S0924-8579(99)90059-6
https://doi.org/10.1016/S0924-8579(99)90059-6
https://doi.org/10.1016/j.bjm.2016.12.011
https://doi.org/10.3969/j.issn.0488-5368.2012.03.049
https://doi.org/10.3969/j.issn.0488-5368.2012.03.049
https://doi.org/10.3969/j.issn.1671-7236.2004.02.005
https://doi.org/10.3969/j.issn.1671-7236.2004.02.005
https://doi.org/10.3969/j.issn.1671-7236.2004.02.005
https://doi.org/10.1016/S0924-8579(99)90059-6
https://doi.org/10.1016/S0924-8579(99)90059-6
https://doi.org/10.1016/j.bjm.2016.12.011

1410 iR LR %3445
[9]  BKPHZEMK. “EM”BURMAME A K & IR AU R U], SHUSEE, KR (1], PO )RR 2243, 1994, 12 (S1) = 564—566, 605.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

2000, 19 (3): 5-6.

OUYANG R L. Experiment on the effect of "EM" bacterial feed on
growing and finishing pigs [J]. Journal of Animal Husbandry and
Veterinary Medicine, 2000, 19 (3) :5-6. (in Chinese)

i, ZRIG 0, DU, S e LR I ) 50 (KR AU IR S AE TR A
FERRIRL (V] A E R AR R, 2010, 37 (3): 38-41.

WANG J, JI H F, WANG S X, et al. Advances on Lactobacillus
preparation research and application in pig production [J]. China
Animal Husbandry & Veterinary Medicine, 2010, 37 ( 3)
38-41. (in Chinese)

AL, ZEEE, JE R R, 45 2 AR T I FRDU B HC A B A o
FIREHT (7], v B s R, 2011, 38 (7) ¢ 20-22.

HOU C L, JIH F, ZHOU Y X, et al. Mechanism of probiotics and its
application in sow production [J]. China Animal Husbandry &
Veterinary Medicine, 2011, 38 (7) :20-22. (in Chinese)

FAR, BT, U, S SRR IR 5 S R RERE (D], 8
Ak, 2014, 34 (2): 1-6.

GAO L, BAI Z J, FENG B, et al. Research and application progress of
direct-fed microbials as feed additive [J]. Journal of Microbiology,
2014, 34 (2) :1-6. (in Chinese)

RIS, RS, PR WL A A TR RS 0 700 1) 2 2 Dy e R L gk
J& 1], ShrE 774, 2012, 24 (8): 1397-1403.

XU P, DONG X F, TONG J M. Microbial feed additives: Major

functions and its research advances [J]. Chinese Journal of Animal

Nutrition, 2012, 24 (8) :1397-1403. (in Chinese)

Mk 75 . Rk 2R i R B kR [0D. R B R BR OB 4,
1997 (1): 21-23.

CHEN X W. Application and development of agricultural
microorganisms [J]. Science and Technology of Tianjin Agriculture
and Forestry, 1997 (1) :21-23. (in Chinese)

FE3 22, REE. SERAEYR AR AR A B AR AR RS (0], PO 1Ak
K2R, 1994, 12 (S1) = 567-569

REN R L, YU L. Study on growing of piglets microbial additive
feed [J]. Journal of Sichuan Agricultural University, 1994, 12 (S1) :
567-569. (in Chinese)

BT AE. WA PR RO ROR ISR (0] WL & AU B, 2010,
35 (4): 24.

MA X H. Feeding effect test of microbial feed [J]. Zhejiang Journal
Animal Science and Veterinary Medicine, 2010, 35 (4) : 24. Cin
Chinese)

TSN, AR/NR. SRR TR AN AR W FL AT A 0 R AT A (0], I
N K224, 1994, 12 (S1D = 573-575

HE Z G, LIN X W. Effect of microbial additive in chiet on gain of
piglets [J]. Journal of Sichuan Agricultural University, 1994,
12 (S1) :573-575. (in Chinese)

SOEE, SR, EA, A R A P DRL A I R A G
gt (00, DU K 2E 23R, 1994, 12 (S1): 570-572.

WEN T F, HE Z G, BAI F, et al. Study about microbial feed additive
on weight gain of suckling pigs [J1. Journal of Sichuan Agricultural
University, 1994, 12 (S1) :570-572. (in Chinese)

WA, TRAREE, BRI, 55, 1 AR R R FEIAR (1]
AWprpe i, 2001, 21 (1) : 47-49, 53

XIE X W, ZHANG C X, CHEN L Y, et al. Application and research
status of feed microorganisms [J]. Journal of Microbiology, 2001,
21 (1) :47-49, 53. (in Chinese)

BAAR— YRR, 2R AL, 45 E R IR (870 1 A)XHTAE {2 A=

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

HU W Y, JIANG L, LI D C, et al. Effects of microbial feed additive
“8701A” on the growth of piglets [J]. Journal of Sichuan Agricultural
University, 1994, 12 (S1) : 564-566, 605. (in Chinese)

RICHARDS J D, GONG J, DELANGE C F M, 4. 5 i 18 i 1 &
55 ) R A Y8 R M R P KR T AT R, W RER
AT R RS RO A5k U] sHE R E, 2012,
44 (S1): 357-358.

RICHARDS J D, GONG J, DELANGE C F M, et al. Gastrointestinal
flora and its role in the nutrition and health of monogastric animals:
current understanding, possible regulatory methods and new research
methods on flora ecology [J]. Animal Husbandry & Veterinary
Medicine, 2012, 44 (S1) :357-358. (in Chinese)

Tk, o E L AR N A R e B R B (0] ol [
2010 (6): 9-13,28.

ZHANG Z, DONG G Z. Factors affecting the structural integrality of
the small intestine in weanling pigs [J]. China Feed, 2010 ( 6) :
9-13, 28. (in Chinese)

FRE, KEAM, £, 5 SRR AR N RBIES
S5 R 0 BT G B A O 4 B B2 o (D). PR O L B AR E IR,
2011 (19): 60-62.

LI C J, ZHANG Y X, HUA Y M, et al. Effect of Microecological
Preparation on the Morphological Structure and Mucosal
Immunorelated Cells of Newborn Piglets [J]. Heilongjiang Animal
Science and Veterinary Medicine, 2011 (19) : 60—62. (in Chinese)
TN VA A RS I B ) R AR AT 42 BRI [D]. K
A AR 2E, 2006.

SUN Y. The liquid compound mcirobial eclolgical agents to research
and manufacture and in application of the weaning piglets farming[D].
Changchun: Jilin Agricultural University, 2006. (in Chinese)

BRFH G, AR3C, MR, 45 JRR T BRAR B 3 25 K o i B 2R B R &
mrszmg O], 5% & Tl K2 22 3R (B SR B2 M), 2016, 30 (3D -
28-31.

OUYANG Z Z, ZHU W, XIAO L, et al. Influence of the isolated
Clostridium butyricum strain on the growth of intestinal villi [J].
Journal of Qilu University of Technology(Natural Science Edition),
2016, 30 (3) :28-31. (in Chinese)

T, w5, SR IRt BB B 31wt L],
R HPEZ,2000,28 (3): 172-174

HUA J P, YAO H C, MA G F. The study of gastric dynamics in
patients with functional dyspepsia [J]. Tianjing Medical Journal,
2000, 28 (3) :172—174. (in Chinese)

WANG Y, YI L, ZHAO M L, et al. Effects of zinc-methionine on
growth performance, intestinal flora and immune function in pigeon
squabs [J]. British Poultry Science, 2014, 55 (3) : 403—408.

WHLLPE, SR, EARCESHIRS R KR RIEMED A
G DIRERIRANAL (1], AL B HUEREE, 2017, 522 (6) 2 74-76.
YANG H P, BAO Y L. Effect of compound microecological
preparation on growth performance, intestinal microorganism and
immune function of piglets [J]. Heilongjiang Animal Husbandry and
Veterinary, 2017, 522 (6) :74-76. (in Chinese)

FEIEAR. AN [ 2 242 B 55 R D W 9 A A KR e S BETIRE I 1
WYX RMFEMD]. K& SRR, 2017,

DU H M. Effect of different probiotic cultures on growth performance,
immune function and cecum microflora diversity of weaned
piglets[D]. Changchun: Jilin Agricultural University, 2017. (in
Chinese)

(FtEsmat: K


https://doi.org/10.3969/j.issn.1005-7021.2014.02.001
https://doi.org/10.3969/j.issn.1005-7021.2014.02.001
https://doi.org/10.3969/j.issn.1005-7021.2014.02.001
https://doi.org/10.3969/j.issn.1006-267x.2012.08.002
https://doi.org/10.3969/j.issn.1006-267x.2012.08.002
https://doi.org/10.3969/j.issn.1006-267x.2012.08.002
https://doi.org/10.3969/j.issn.1005-7307.2010.04.014
https://doi.org/10.3969/j.issn.1005-7307.2010.04.014
https://doi.org/10.3969/j.issn.1005-7307.2010.04.014
https://doi.org/10.3969/j.issn.1005-7021.2001.01.017
https://doi.org/10.3969/j.issn.1005-7021.2001.01.017
https://doi.org/10.3969/j.issn.1005-7021.2001.01.017
https://doi.org/10.3969/j.issn.1004-3314.2010.06.004
https://doi.org/10.3969/j.issn.1004-3314.2010.06.004
https://doi.org/10.3969/j.issn.0253-9896.2000.03.015
https://doi.org/10.3969/j.issn.0253-9896.2000.03.015
https://doi.org/10.1080/00071668.2014.919375
https://doi.org/10.3969/j.issn.1005-7021.2014.02.001
https://doi.org/10.3969/j.issn.1005-7021.2014.02.001
https://doi.org/10.3969/j.issn.1005-7021.2014.02.001
https://doi.org/10.3969/j.issn.1006-267x.2012.08.002
https://doi.org/10.3969/j.issn.1006-267x.2012.08.002
https://doi.org/10.3969/j.issn.1006-267x.2012.08.002
https://doi.org/10.3969/j.issn.1005-7307.2010.04.014
https://doi.org/10.3969/j.issn.1005-7307.2010.04.014
https://doi.org/10.3969/j.issn.1005-7307.2010.04.014
https://doi.org/10.3969/j.issn.1005-7021.2001.01.017
https://doi.org/10.3969/j.issn.1005-7021.2001.01.017
https://doi.org/10.3969/j.issn.1005-7021.2001.01.017
https://doi.org/10.3969/j.issn.1005-7021.2014.02.001
https://doi.org/10.3969/j.issn.1005-7021.2014.02.001
https://doi.org/10.3969/j.issn.1005-7021.2014.02.001
https://doi.org/10.3969/j.issn.1006-267x.2012.08.002
https://doi.org/10.3969/j.issn.1006-267x.2012.08.002
https://doi.org/10.3969/j.issn.1006-267x.2012.08.002
https://doi.org/10.3969/j.issn.1005-7307.2010.04.014
https://doi.org/10.3969/j.issn.1005-7307.2010.04.014
https://doi.org/10.3969/j.issn.1005-7307.2010.04.014
https://doi.org/10.3969/j.issn.1005-7021.2001.01.017
https://doi.org/10.3969/j.issn.1005-7021.2001.01.017
https://doi.org/10.3969/j.issn.1005-7021.2001.01.017
https://doi.org/10.3969/j.issn.1004-3314.2010.06.004
https://doi.org/10.3969/j.issn.1004-3314.2010.06.004
https://doi.org/10.3969/j.issn.0253-9896.2000.03.015
https://doi.org/10.3969/j.issn.0253-9896.2000.03.015
https://doi.org/10.1080/00071668.2014.919375
https://doi.org/10.3969/j.issn.1004-3314.2010.06.004
https://doi.org/10.3969/j.issn.1004-3314.2010.06.004
https://doi.org/10.3969/j.issn.0253-9896.2000.03.015
https://doi.org/10.3969/j.issn.0253-9896.2000.03.015
https://doi.org/10.1080/00071668.2014.919375

